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(54)TWe: HIP JOINT PROSTHESIS 




(57)AIistract 

Hip joint prosthesis for permanent anchoring in the human hip joint, which prosthesis consists of a ball unit (1) designed 
to be anchored in the neck of a human femur (2) and a socket unit designed to be anchored in the human pelvxs. Tbe ball unit 
comprises a ball (5) with a convex joim surface (9) which essentiafly has the shape of a partial sphere, and an anchoring arrange- 
ment (6. 7, 8) for anchoring the baU in the femur. The ball(5) has a cavity (10) designed to be arranged on the end of the human 
femoral neck (13), which is shaped for fitting in the cavity, and a shaft (14) extending essentiaUy centraUy from the cavity. The 
andioring arrangement (6, 7, 8) for the baU comprises a sleeve-shaped anchoring element (6) to be separately implanted in a 
channel (17) passing through the femoral neck (13). A joining piece connected to the shaft in the form of a tightening devia (8) 
creates, by engaging with the anchoring element, a prestressing of the baU with the shaft introduced into the sleeve-shaped an- 
choring element The anchoring arrangement for the socket unit (3) likewise comprises an anchoring element (36) to be separately 
implanted in the cavity in the pelvis, and a positive lock for securing the socket on the andioring element m the pelvis. 
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Title: Hip joint prosthesis 
Technical field: 

The present invention relates to a hip joint prosthesis 
for permanent anchoring in the human hip joint, which 
5 prosthesis consists of a first joint unit designed to be 
anchored in the neclc of a human femur and a second joint 
unit designed to be anchored in the human pelvis, in 
which respect the first joint unit comprises a joint head 
and an anchoring arrangement for anchoring the joint head 

10 in the femur, and the second joint unit comprises a 
socket with a concave joint surface shaped and dimen- 
sioned to bear against and to articulate under sliding 
contact with the joint head, and an anchoring arrangement 
f or— anchoring-the-socket-in-a~cavity~^ir~the"pelvis , the 

15 anchoring arrangement in the femur comprising at least 
one sleeve-shaped anchoring element and at least one 
tightening element connected to the joint head in order 
to create, by engaging with the anchoring element, a 
prestressable anchoring of the joint head with the 
20 tightening element introduced into the sleeve-shaped 
anchoring element. 

«• 

Prior art I 

On the market and in clinical use there are at present a 
number of dif fezrent hip prosthesis designs which all have 

25 the common feature that the prosthesis components are 
anchored in connective tissue. This applies, on the one 
hand, to prostheses intended for anchoring by means of 
bone cement .and, on the other hand, prostheses intended 
for cement-free anchoring by screwing into the bone 

30 tissue or by creating primary fixation by means of a 
positive lock in another way, and at the same time 
creating the preconditions for further consolidation by 
bone tissue growing into the porous surface structures of 
the associated prosthesis components. The latter prin- 

35 ciple, which thus involves first creating a positive lock 
on the macroplane between bone and prosthesis and secon- 
darily creating a positive lock on the microplane by 
osseous in-growth, has led to extensive marketing by a 
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.ax.a«ons on the ,«.e basic th«ne, even if ixregulari- 
t«s xn the prosthesis surface have been produced by 

fxeld xs the Lord prosthesis which it has been sho«n can 
be fxxed very satisfactorily to bone tissue, but without 
direct contact between prosthesis component and bone 
tissue and, above all, without the necessary physiologi- 
0 ^h^ r "^^'^^ prosthesis and bone tissue. 

■0 This has meant that the bone tissue has disappeared in 
places on account of the fact that it has not been able 
to tran«.it physiological load. This problem has been 
^?5ucediniaosttmis_cQn«,onents-prod««,d^^^^^ 
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but there is still no eoavinclng proof that today's 
prosthesis designs for ceH«nt-free anchoring in the hip . 
joxnt are superior to yesterday's joint replacements in 
the form of cemented prostheses. • 

The basic design which has predominated, regardless of 
the anchoring principle, has involved the acetabulum 
being replaced by a joint socket of hlgh-density poly- 
ethylene Which has either been cemented or screed Jo 
the bone base with or without prestressing, and at the 
same time the joint ball has been replac^ by a LtS 
bail provided with a stem which goes down into the 

^ledT^ °' '''' ^-^^ ^ 

free prosthe.« systems have had a surface structure for 
osseous in-growth either along the entire stem or along 
only parts thereof. ^ 

desIL'"LT>,'^'^' '^'^ *^ abovementioned basic 
desxgn, whxch have characterized a number of different 
hip prostheses. One example of these is the H^g" 
thesxs Whose acetabulum was screwed securely with a lono 
st^ screw up into the pelvis. Mother exclp: on xs t^! 

joinr ball consisted n-f a t 

*MiiSTiea ot a stemless hood coverincr 

f«»oral neck, which was preserved to the gre:::rp:s! 
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sible extent using this type of prosthesis. The usual 
prostheses provided with a stem, of the Chamley, Muller 
or. McKee-Ferrar type, assumed that the greater part of 
the femoral neck was removed in connection with the pros- 
thetic surgery. Patent publication DE A 2,845,231 
discloses a prosthesis in which respect it is assumed, 
that anchoring of the joint ball unit is obtained by 
direct osseous in-growth in poroiis surface structures. 
The known prosthesis has a non-threaded anchoring sleeve 
which is so short that the main part of a shaft incor- 
porated in the joint ball unit makes bone contact, and 
this means that joint surface replacement must be effec- 
ted in a single stage w ith almultaneoug^assoniKiy-of-both-- 



an anchoring arrangement . and the joint ball unit. 

15 Technical problem: 

At present it may be said that in Sweden it has been 
-possible for about 20 years now to replace the hip joint 
with good results, but not without risks of complica- 
tions, which increase with. time after introduction of the 
20 prosthesis system. In patients with degenerative dis- 
orders or rheumatism, the anticipated benefits of hip 
prosthesis surgery are generally so great that an opera- 
tion is recommended without hesitation despite awareness 
of the risks of complications such as infection and, 
25 above all, mechanical loosening. The risk of mechanical 
loosening increases with time after the operation and 
with the level of activity of the patient. The latter 
risk factor has limited the indication to essentially 
include patients of 60 years and above, in these cases 
a lower level of activity and a shorter remaining life 
span are escpected. In the case of younger patients the 
attitude to prosthetic surgery is one of hesitation, as 
a result of doubts regarding the reliability of the joint 
replacements on offer today and doubts regarding, first, 
35 the anchoring stability and, second, the risks related to 
the body's reaction to foreign material incorporated in 
the prosthesis, rt is clear that there is a considerable 
requirement among patients of less than 60 years of age 
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for hip prostheses with, better guarantees in respect ot 
anchoring stability and biocompatibility. 

Since it has been possible in Sweden for more than 20 
years now to follow up hip prostheses anchored with 
5 cement and, for less than 10 years, to follow up pros- 
theses anchored Without c«nent, it has been observed that 
wfrr.r ^"^"^ incidence of mechanical loosening 
With time,, regardless of the choice of anchoring method 
rt has been possible to demonstrate histologically that 
10 no more ««n a point-wise direct contact has been 
achieved between bone tissue and prosthesis component, 

^-j_^ggi_"°t rule out the posgibility-that-the-pros— 

thesxs component may have been anchored very fiimly in 
the bone base via fibrous tissue encapsulating the 
15 prosthesis. Against the background of this experien^ 
it xs interesting to note that there is . a Swedish method 
f« steletal anchoring of dental bridges with dental 
plants in wh^ci. anchoring stabUity, on the one 

20 IT/ '''^'^ ^fter joint 

20 -Placement by the abovementioned methods and, on the 
other hand, the initially achieved anchoring stability is 
maintained for over 20 years after the skeletal iaplanta- 
^on This unique anchoring stability of a skeletal 
".plant is probably dependent on the creation of a direct 
contact free from connective tissue between the bone 
tissue and liUDlant so i-an«^ 

iiupiam:, so-called osseointegration. The 

preconditions for this type of unigue anchoring have bee! 
sho^ to be . the use of commercially pure titanium 
»etal component with unique biocompatibility and cor- 
rosxon resistance, combined with a controlled and atrau- 

loading by means of the implant being inserted in a 2- 

i-planted in the first stage and is only coupled to a 
loaded function element in a second operation. 

One aim Of the present invention is to provide a hin 
ioint prosthesis which is based on the exir.ences f':! 
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the abovementioned Swedish method for jaw implants. The 
aim is, therefore, to create an osseointegrated hip joint 
prosthesis in which the metal component consists of 
titanium and in which anchoring element and function 
5 element are introduced in separate operating stages with 
a load- free interval of at least 3 months. In the 
present invention it is of course intended, in the first 
place, to create the conditions for a satisfactory 
anchoring stability which will make it possible to extend 
the indications for hip prosthesis surgery to more active 
and younger individuals than has been the case up till 
now, but a further aim is to reduce the theoretical risks 

related to the transport of tox ic_metal— ioBg—fyenn— <;he 

prosthesis material to the body tissues. Although the 
15 metal alloys used in prosthesis systems in clinical use 
today offer a good compromise as regards satisfying 
requirements for mechanical strength, wear resistance, 
corrosion resistance and production economy, important 
objections can theoretically, be raised as regards their 
20 biocompatibility properties. The. alloy substances, such 
as chromium, cobalt, nickel, aluminium and vanadium, ^re 
thus potentially toxic, even though it has not been 
possible to elucidate the threshold value for tewic and 
allergic reactions to these metals. For example, in the 
world today there are only 10 or so reported cases in 
which there has been cause to suspect a connection 
between development of cancer and the use of prostheses 
of cobalt-based alloy, but there is nevertheless concern 
that this type and other types of complications are 
essentially increasing in parallel with the increasing 
use of prosthesis systems for the large joints of the 
body. As regards commercially pure titanium, no case has 
as yet been described where it was possible to report 
either allergy or any other toxic reaction to the metal 
35 in question. Both experimental studies and clinical 
experience indicate that commercially pure titanium is 
superior to alternative implant metals from the point of 
view of biocompatibility. 
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joi^. p^srhasis n.e<«, of which the surgical defect in 
prosthetxc surgery is reduced, i.e. the cutting of intact 
5 !,"k =»«»«"ion With the operation can be 

reduced by preserving a large part of the femoral neck. 

Technical solution: 

The said aims are achieved by means of a hip Joint 
prosthesis according to the present invention, which is 

with a grooved outer surface is designed to be separately 
i|^lanted ia a channel passing through the femoral neck 
^lt?_mnd„e.„entially_ov«r-the^ent-tee-length^^^ 



« order to form an anchorage in the femur via the said 
outer surface and to form a guide for the tightening 
^-ent of the first joint unit and an a:cle guile fTl 
cutting instrument rotatable about an axle for shaping at 

rotatoonally symmetrical about the longitudinal axle of 
20 T «l«>«nt. to the Shape of at least one 

"""Pon-ing bearing surface of the joint head extendi^^ 
rotatxonally symmetrical about the attachment of the said 
tightening element in the Joint head, and in that the 
tightening element comprises a head and is designed to be 

25 ^ "^r""^^" — sle^-shlp!: 

25 '««J»r^ng element and connected to the joint head. 

Description of figures , 

The invention will be described in greater detail below 
"th re. " ^""^^'^ ^nbodiments and 

and lb show exploded views in section of the components 
incorporated in a first embodiment of the hip j^nt 
prosthesis according to the present invention 'pi^ 

^^ed rs:"''' °' '""^ ''^^ 

35 nr^v th P""'^^-"- ^igs. 3 . 11 Show schemati. 

tJeiL ^^^"^^^ '^iP io^^ pros, 

thesis according to Figs, la and lb, while Pigs. 12 la 

Show, on a larger scale, partially broken p'ersp Ltiv! 
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views of the assembly procedure in greater detail, and 
Fig. 19 shows a hip joint provided with the hip joint 
prosthesis in the first embodiment according to the 
present invention. Fig. 20 shows the hip joint pros- 
thesis in a second embodiment. Figs. 21-24 show the 
different stages in the implantation of the prosthesis 
according to Fig. 20, and Figs. 25 and 26 show two 
further embodiments of the prosthesis according to the 
invention. 

Preferred embodiments: 

The design of the hip joint prosthesis in the first 

embodiment emerges most clearly from Fig , la. Fig 2-and- 

Fig. 16. The prosthesis consists of two main units - on 
the one hand a ball unit 1 intended to be anchored in a 
subject's femur 2 and, on the other hand, a socket unit 
3 intended to be anchored in a subject's pelvis 4 - in 
-order to replace degenerated or damaged joint surfaces in 
a subject's hip joint. The ball unit 1 consists of a 
ball 5 and an anchoring arrangement, comprising an 
anchoring element 6 and a screw connection in the form of 
a threaded pin 7 projecting out from the ball 5 and a 
threaded screw bushing 8. 

The ball 5 is made, for example, of titanium and has a 
convex joint surface 9 which has the shape of a partial 
sphere, essentially an approximated semisphere with an 
essentially cylindrical cavity 10, which is open in the 
direction away from the joint surface 9. As emerges most 
clearly from Fig. 2, the cylindrical inner wall ii of the 
cylindrical cavity 10 is designed with profiling, in the 
illustrated exanple in the form of ribs 12 in order to 
permit secure positive locking against the femoral neck 
13 with deformation of its surface. In the example 
shown, the ribs extend in the axial direction parallel to 
the longitudinal direction of the threaded pin 7, but 
they can also have another design such as, for example, 
threads for engaging with the femoral neck. The pin 7 
extends centrally and axially relative to the cylindrical 
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=av.ty 10 and forms part of a shaft 14 which extends 
centrally and axially and projects from the base 15 of 
the cavity 10. The unthreaded part of the shaft 14 is 
essentially cylindrical and has a dian«ter which e«:eeds 
5 the diameter of the threaded pin 7, and its shape and 
dimensions are adapted to the shape and dimensions of the 
anchoring element 6 in such a way that the shaft 14 can 
be introduced into the anchoring element. 

Fxg. la, a femoral neck fixture in the form of a sleeve 
of, for example, titanium with a grooved, for example 

5^?5?5ded,-?5nMct^fac.e_^^^ 
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20 
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IS essentially cylindrical and has an outer wall 16, for 
example cylindrical, intended for anchoring in a drilled 
Channel 17 through the femoral neck 13, and.a continuous 
cylindrical channel 18 with a cylindrical inner wall 19 
d^sioned so as to form a guide for the shaft 14 of the 
^ L ■ff,"^^'"^^' 6 has, at its end distant 

from the ball 5, a flange 20 intended to bear against the 
femur 2 in an area around the outer end of the channel 

ol^fii H T"' " ''^^ "'^'^'''^^ 6 be 

profxled by means of elongate ribs or threads for good 
anchoring in the femoral neck. 

The screw bushing 8 is designed as an essentially cylind- 
r^al body With a cylindrical outer wall 21, the shape 
and dimensions being adapted to be introduced into the 
Channel 18 of the anchoring element 6 so as to be pos^! 
cvM^ii^ precision. The 

IttTr °' ^"^^^ expediently 

gxven the same diameter as the shaft 14. The screw 
bushing 8 also has a central bore 23 open at one eL 
With an internal thread dimensioned to cooperate with the 

tloa The screw bushing 8 furthermore has a head 24 
Which comprises a stop surface 25 which forms an abulnt 
against a bearing surface 26 on the flange 20 of the 
anchoring element 6. m the example shown! the head is 
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designed as a hexagonal screw with a hexagonal recess 27 
for tightening the ball 5 with a hexagonal wrench and 
prestressing it, as will be described in greater detail 
hereinbelow. Another design of the head, for example 
5 with an external polygonal form, helical grooves or the 
like, is of course conceivable. 

In the example shown, the socket unit 3 is designed as a 
double socket with a load-absorbing base socket 28 made 
of a strong, tissue-compatible material, such as tita- 
nium, and a socket made of a material which gives low 
friction against the ball 5, for example a wear-resistant 
pol ymer materia l snch__as-high=idenglty,pni-yofrhy.i-oi%Q^ — The- 
socket has a concave and essentially semispherical cavity 
30 whose form and dimensions are adapted to the external 
form and dimensions of the joint surface 9 of the ball 5. 
The concave wall 31 of the socket 29 thus forms the joint 
surface of the socket unit 3. The socket 29 has a convex 
and essentially semispherical fitting surface 31 intended 
to be introduced into a correspondingly shaped and 
dimensioned and essentially semispherical concave beaiU-ng 
surface 32 in the base socket 28. The socket 29 is 
intended to be connected to the base socket 28 by means 
of a positive lock which, in the example illustrated in 
Pig. 14, consists of a snap lock in the form of a circum- 
ferential rib 33 on the fitting surface 31 of the bearing 
socket, which rib 33 is intended to snap into a cor- 
responding groove 34 in the bearing surface of the base 
socket 28. 

The socket unit 3 (see Pig. 16) moreover comprises an 
anchoring arrangement 34 for anchoring the base socket 28 
in the hollow 35 of the pelvis 4 adapted by pre- forming 
to the shape of the base socket 28. The anchoring 
arrangement comprises at least one anchoring element 36 
in the form of a pelvis fixtiire, for example of titanium, 
comprising a positive lock for cooperation with a central 
pin 37 which projects from the base socket 28. As 
described in greater detail below, the anchoring element 
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36 Of the pelvxs 4 is, in a first operation, anchored in 

38 whxch, by means of deformation of the walls in this 
recess, ensures a. positive engagement and a growing 
5 together with the bone tissue.. As in the exaB^le shown! 
thxs profile can be a screw thread or axially ertending 
grooves. On the inside the anchoring element 38 has a 
threaded bore 39 and is therefore in the form of a sleeve 
or bushing into which the base socket 28 can be intro- 
duced by means of its tapered pin 37. Moreover, in the 
example shown, the anchoring arrangement 34 has a number 
Of anchoring screws 40 (see Fig. lb) with countersunk 

heads intended to be_introdueed-into-beve-lled-hole3-41-in 

15 tf h''"'" T"''"^ '''^ ^=»»'in3 -crews 40 are intended 
to be anchored in bores 42 formed in the hollow 35 of the . 
pelvxs^4. The inside 43 of the base socket 28 is, like 
the other main surfaces of the socket unit 3, essentially 
semi^herical and forms a fitting surface for load- 
absorb^g support against the concave hollow 35 in the 
*w pelvis. 

TJlTJ'^t """^ ^^^^ 

central shaft 14 slides into the femoral neck figure 16, 
a trepan 44 is used (see Figs. 6 and 17) to adapt the 
d^ension of the femoral neck 13 so that it affords a 

tightened or screwed on. so that both the threaded 
cylinder wall of the ball and the central shaft are 
adapted correctly on the one hand to the outer contour of 
the femoral neck and, on the other hand, to its fixture, 
the trepan for form adaptation of the femoral neck is 

AT t " ""''"^ « 9oes into the 

fixture Which in this respect forms a guide bearing. The 
rotation of the trepan about the guide pin 45 proLen. 

S^SdSl'"' """^^^'^^'y «y-etrical relative to the 
longitudinal axis of the anchoring element, on the 
femoral neck whose shape is adapted to the cylindrical 
i^er ^11 ix Of the ,oint head. There are, for e^^^e 
three trepans with different- internal diameters corl 
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responding to three differently dimensioned joint balls 
intended for femoral necks of three different dimensions. 

When the titanium ball is screwed securely onto the 
femoral neck, the central shaft 14 with both its cylin- 
5 drical and threaded part slides into the centre of the 
cavity in the femoral neck fixture, which cavity con- 
stitutes a space for both the pin and also the internally 
threaded locking sleeve introduced from the other end of 
the fixture. This sleeve is provided with a prestressing 

10 device against the fixture so that, when it is threaded 
against the ball pin, it causes the ball to press against 

the femoral neck> T hus>_as_a-re3ult^of^the-adapt^afe-irQn~Qf 

its form to the neck and as a result of the screw connec- 
tion of the ball shaft against the compression sleeve, 

15 the J:)all acquires, on the one hand, a positive locking 
and, on the other hand, a prestressing against its bone 
^ase. 



Before the' ball .in the second operation has been screwed 
onto the femoral neck, the titanium socket is fixed in 
the acetabulum by means of, on the one hand, the central 
outer pin 37 of the socket, which pin forms a male 
connection in the female seat of the pelvic fixture, and, 
on the other hand, screw connections directly to the bone 
tissue via the holes 41 in the titanium socket. The pin 
on the socket has a conical finish towards its socket 
attachment with a gradient of 1:15. This compensates for 
tensile stress at the socket-leg transition, but the 
primary function of the pin is to neutralize the moment 
which arises via the various compression screws 40 which 
risk causing both tensile and shearing stress on the 
opposite side of the socket-leg connection. In order to 
reduce such risk-related moments, it is desirable to 
increase the contact pressure between metal socket and 
bone optimally by prestressing by means of compression 
screwing. However, this presupposes that the contour of 
the socket follows that of the bone seat, and this is 
facilitated by bone transplantation between socket and 
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pelvis. The titanium socket is thus fitted on a bone 
surface, well adapted by bone transplantation, by means 
of, on the one hand, the central conical pin and, on the 
other hand, three to five . compression screws introduced 
through holes in the titanium socket. Thereafter, the 
jo^nt socket is fitted to the base socket via the snap 
attachment 33, 34. The joint socket, which consists for 
example of high-density polyethylene, is now fixed to the 
acetabulum via, on the one hand, an osseointegrated 
anchoring element in the form of a titanium fixture and, 
on the other hand, the base socket with its compression 
screws. 



The two operations required for introducing the hip joint 
replacement should be separated by an interval of at 
least 3 months. The first surgical intervention can be 
carried out via a small lateral incision, such as is used 
xn nailing of a fracture of the collum, and in this 
operation, under fluoroscopy and with the patient on one 
aide, a central hole" is made in the head of the collum 
and this hole is extended into the acetabular base of the 
pelvis • 

The procedure is carried out in a precise manner, as in 
collum nailing, starting with a Kirschner wire in order 
to fxnd the ideal position with the aid of TV fluoros- 
copy, and then a cannulated drill and a cannulated thread 
tap are used to make a hole through the entire head and 
the acetabular base with a diameter of about 11 to 12 ^. 
The pelvic fixture which is very short is then introduced 
^ means of a long insertion device through the hole in 
the collum head, after which the femoral neck fixture is 

cartilage-bone limit on the head. 

second operation requires considerably greater 

regard to the anteversion angle of the collum, and the 
incision and technique are approximately the same as used 



wo 89/11837 



PCT/SE89/00329 



10 



- 13 - 

for the ICLH prosthesis. As in the introduction of a 
double cup, a trepan is used to cut the head of the 
collum, which trepan has been described above and can 
advantageously be manually operated. As described above, 
the trepan has a central pin which is introduced into the 
femoral neck fixture, and the trepan is guided so as to 
cut the bone. This can be carried out in several stages 
if the bone is hard and, in this case, a series of 
trepans of gradually decreasing diameters is used. 

Once the hip joint surface replacement has been intro- 
duced in the second operation, a situation exists in 

:^which^here~are-wel4-anchored-joint-surface"rep lacements 

which, by means of good contact adaptation and pre- 
stressing, permit early exercising, but with a primary 
15 load reduction. 

The design of the hip joint prosthesis in the second 
embodiment is shown most clearly in Figs. 20 and 21. As 
in the first embodiment, the hip joint prosthesis is made 
up of two joint units here: a first joint unit. 45 
20 anchored in the human femoral neck 13 and a second joint 
unit 46 anchored in the human pelvis 47. The joint unit 
anchored in the femur 2 has a joint head 48 anchored by 
means of an anchoring arrangement 49 which uses the same 
anchoring principle as that in the first embodiment, but 
25 which in other respects is of a different design. The 
joint head 48 also differs to the extent that there is no 
cavity for receiving a shaped part of the human femoral 
neck 13, but has instead an essentially plane bearing 
surface 50 for bearing against a plane bearing surface 
51, made by cutting (see Fig. 24), in the human bone 
tissue. This bearing surface 51 in the bone tissue 
extends preferably at right angles to the longitudinal 
axes of the recessed channels 57. The anchoring arrange- 
ment 49 in the second embodiment does not have only one 
anchoring element, and one tightening element, ^ut at 
least two. In the example shown there are three sleeve- 
shaped anchoring elements 52, 53, 54, and a number of 



30 



35 
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anS!!'^^ "^'^'^ =°««'P«nding to the nu,nber of 

tion!! ^i^htening element posi- 

tioned each anchoring element. The sleeve-shaped 
anchoring elements 52, 53, S4 are each introctoced into a 
ll? continuous channel 57 in the femur (see Pig. 

23) and have an essentially cylindrical outer circum- 
ferential surface 58 which is provided with grooves 
Which, in the example shown, are directed across the 
longitudinal direction of the anchoring elements and can 

external diameters of the anchoring elements and the 
■l^gg^l^ He recessed channel. 5.T_are_adapted-in-,uch 



10 



15 LT . ! ^""^ anchoring elements completely fill the 
15 Width of the Channels and engage with the grooves in the 
bone tissue. However, the anchoring elements 52, 53, 54 ' 
^ a section 59, directed towards the joint head 48, 
Which does not make bone contact and expediently has a 
20 ^Z7"T^'<"^ ''^-^^^ren.^^ s^Sas. Jreotlr/ 
the anchoring elements fill the entire length of the 
recessed ch«nels 57 up to the bearing surface 5 1 of 1 
femoral neck. The anchoring elements 52 - 54 thus 

50 of the joint head 48. 

anchoring elements. it also shows that one anchoring 
eWnt 52 expediently has a greater external and intL^ 
nal diameter than the two other anchoring elements 53, 54 

30 til ^''^ - -t-i posi- 

tioning Viewed from their .end, in which their mutLuy 

thereto, the comers of an isosceles triangle with the 
l«ger anchoring element 52 positioned distal at the apex 

cT± TT ^^'^'°--<' P--^al and each form a 

cor^r of the triangle hase, which is the shortest side 

suitably made of a strong and tissue-compatible materiS? 
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such as titanium, which permits osseointegration between 
the outer surface 58 and the bone tissue. 

Fig. 20 shows that the joint head 48 has a number of 
essentially cylindrical flanges 60 projecting from the 
bearing surface 50 of the head, the . number thereof 
corresponding to the number of anchoring elements. The 
flanges 60 extend rotationally symmetrical alDout the 
common longitudinal axes of the anchoring elements and 
tightening elements in their assembled state. Thus, in 
the example shown, three cylindrical flanges 60, 51 
projecting from the bearing surface 50 of the joint head 
_i8_are„designed--_as-— integrated— parts— iTi~the"beKXn^ 



surface, of the joint head. The flanges 60, 61 have a 
cylindrical internal surface 62 for guiding and bearing 
15 against the external circumferential surface 58 of the 
associated anchoring element, more specifically at its 
-narrowing, smooth part 59. The radius of curvature of 
this internal bearing surface 62 is adapted to the 
diameter of the smooth circumferential surface of the 
anchoring element in such a way that there is a good fit 
between the surfaces. Each flange also has an outer, 
essentially cylindrical or, for example, conical bearing 
surface 63 which is rotationally symmetrical about the 
anchoring element and tightening element and which is 
25 intended to bear against a recessed bearing surface 64 in 
the femoral neck. This bearing surface 64 is thus 
rotationally symmetrical about the associated recessed 
channel 57 in the femoral neck and forms a widened part 
of this at the end of the channel towards the joint head 
48. The procedure for making this recess is explained in 
greater detail below with reference to Pig. 24. 



The joint head also has a recess 65 for each tightening 
element 55, which recess 65 is shaped after the form of 
the end 66 of the tightening element and is, for example, 
35 essentially cylindrical and is either provided beforehand 
with internal threads or is formed for thread engagement 
with the end part of the tightening element, which end 
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• part is expedie«ly threaded. Another technique for 
locking the tightening element in the joint heafis of 
course conceivable. Thus, in the exa«,ple shown, three 

S iZTt/rT' '^""^^ " «'-'««^' Which 
Zl\ fr projecting bearing flanges 60, 61 are 

rotationally sjnmnetrically arranged with an axis of 
syimaetry which coincides with the axis of symmetry of the 
recesses 65. The recesses 65 are expediently dimensioned 
10 I T^"^ tightening elements 55 do not 

reach the bottom of the recesses, but rather there is a 
certain amount of space for necessary tolerances and also 
for prestressing of the Joint head 48 against the bearing 



15 



20 



25 



30 



35 



surfaces however, consist essentially of the annular eJ 
surfaces 67 of the tightening elements, against which end 
surfaces there bear corresponding surfaces 68 in the 
bottom Of the cavity 69 designed as a hollow cylinder, 
except for the force absorption which is effected in thi 
-screw connection between the end 66 of the tightening 
element and the recess 65 in the joint head 48. 
io«t head 48 rests and is thus anchored in three tale! 
«P posxtions. Which affords a stable force absorptions 
regards both tensile, bending and torsional fo«es 

t^^ansxtxon between the recessed channel 57 in the 
femoral neck and its widened part with the bearing 

^spends to the end surface 71 of each flange 60, 
^ch does not necessarily £eed to reach the botL 
the recess, but rather a space can exist for tolerances 
and prestressing. Thus, no forces are to be transmitted 
between these two surfaces 70, 71. smittea 

The tightening elements 55 are designed as "screws which 

outsxde the Sleeve-Shaped anchoring element. The main 
part 72 of the tightening element extends in the con- 
tinuous and expediently cylindrical channel 73 f o^d bv 
.eans of the sleeve shape of the anchoring elLT wit^ 
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a preferably smooth internal circumferential wall 74. 
Correspondingly, the cylindrical part 72 of the tighte- 
ning element in the channel is expediently smooth and 
dimensioned for good fitting in the anchoring element 
5 with small tolerances, so that the tightening element 
can, during assembly, be introduced into the anchoring 
sleeve with satisfactory guiding therein. Each of the 
tightening elements moreover has a head 75 which is 
expediently recessed in a conical countersink 76 in that 
end of the anchoring element distant from the joint head 
48. For turning the tightening element 55 and, thus, 
screwing the latter into the joint head 48, a groove is 
^ranged,_for_example-for-a-hexagonaa-wrench-; — — 
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to improve the form connection to the outer surface of 
the leg, a flange 77 common to all three anchoring 
elements is connected firmly to the ends of the anchoring 
elements by means of these being threaded into holes in 
the flange. The flange 77 is shaped in such a way that 
it matches as well as possible the form of the femur 2. 
An important factor for the main parts of the anchoring 
arrangement, namely the anchoring elements and tightening 
elements, is that the anchoring elements should have such 
an extension and also be arranged in such a way that 
direct contact between tightening element and bone tissue 
is- avoided, which is a precondition for implantation in 
two separate sequences. In the exas^le shown in Fig. 20, 
the tightening elements are completely isolated from 
direct contact with bone tissue, and the anchoring is 
effected entirely via the anchoring elements. 

The joint, head 48 and the other joint unit 46, which is 
a joint socket unit, can be designed in different ways. 
In the Bxample shown in Fig. 20, the Joint head 48 is 
designed as an expediently solid partial sphere with a 
spherical surface 78. The joint head 48 is made, for 
example, of a strong and tissue^ompatible material, such 
as titanium. The joint socket unit has a socket 79 which 
is likewise expediently made of titanium and which, by 
means of an anchoring arrangement 80, is anchored in the 



WP 89/11837 PCr/SE89/00329 

- 18 - 

pelvis 47 by „eans of, for example, three anchoring 
elements 81 designed as sleeve-shaped elements, which are 
likewise e:.pediently «ade of titanium and are introduced 
into previously formed channels in the hip bone. Grooves 
in the Circumferential surface 82 ensure a secure engage- 
ment and osseointegration in the bone tissue. In this 
case too the anchoring elements are designed in such a 
way that direct contact is avoided between tightening 

i^to the anchorxng elements in a later operation sequence 
«nd screwed into the threaded cavity 84 of the anchoring 
elements. The screws 83 have heads 85 which are recessed 
^ countersi njcs 86 in the soctet-7.9-in-such-a-way-that- 

15 wMch 87 of the socket, 

15 Which is made, for example, with a polymer lining or as 

order to provide a good bearing . against the joint head. 

implantation of the hip joint prosthesis shown in Pig. 20 
is carried out in a way which shows similarities to the 
connection with implantation of the first 

under TV fluoroscopy through the upper part of the side 

nL and""' """"'^ ^ '"^^ Part of the femoral 
neck and penetrating the joint head in a direction 
25 ^dicated by the dot-and-dash line 89 in Pig. 22. "te 
f«:st Of the channels described above in the femur 2 is 
then made by guiding a drill guide. Thereafter, the two 
^ Channels are made in a cutting direction Indicatll 

tte first Channel, with, continued W fluoroscopy, the 
hip is put into a position in which the first Allied 
Channel points centrally up into the pelvis 47. Though 

35 tLliivls , 92, i.e. into 

a^keT2: 4« °l ^^^-^ " ^or the 

J " " ''^""''"^ acetabulum, m 

for other anchoring elements by suitable adjustment and 
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fixing of the joint. 

After the continuous channels have been made in the 
femoral neck, the channels are threaded and the three 
anchoring elements 52, 53, 54 are introduced into the 
5 associated channels. Thereafter, the first operation 
sequence is finished, and the implant is allowed to set. 
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The second operation sequence is initiated by opening and 
exposing the hip joint, after which the femoral neck is 
sawn off at the level of the previously introduced 
anchoring elements 52, 53, 54, as shown in Fig. 24. This 
affords the plane bearing surface 51 of bo ne„t issue— in.. 



the femoral neck. As is also shown in Fig, 24, a cutting 
instrument 93 in the form of a so-called trepan is then 
used to cut the bone tissue in order to shape the reces- 
15 ses which are intended to take up the collar-like flanges 
^60 around the ends 59 of the anchoring elements. This 
cutting is carried out with high precision by virtue of 
the fact that, the implanted anchoring elements 52, 53, 
54, more specifically their continuous cylindrical 
channel 73, form an axle guide for the cutting tool. The 
latter is in fact designed with, in addition to a drive 
shaft 94 connected to a drive motor, a forward extension 
in the form of a guide axle 95 which expediently is 
essentially cylindrical and has a diameter which, with 
25 suitable tolerance, corresponds to the internal diameter 
of the anchoring elements. The cutting instrument 
moreover has a circular saw 96 which is arranged rota- 
tionally symmetrical about the guide axle 95, produces a 
cylindrical cutting and is dimensioned in such a way that 
the recess in the bone tissue takes up the collar-like 
flanges 60 with good fitting. In the example shown, two 
different dimensions of the cutting instrument are thus 
required for matching with the two different dimensions 
of the anchoring elements and flanges. The cutting 
35 instrument is advantageously adapted so that a desired 
depth has been achieved when the instrument reaches the 
end surfaces 67 of the anchoring elements. 
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The soocet unit 46 is then • secured 1„ its anchoring 
elements 81 by „eans ot tightening elen«nts 83. l! 

TZlt r""'^ "^^'^^ " «^ the 

the^aT. r"""""'' in Which respect, for exa:„pie, 

cfnTe " " '° * "^^^^'^ Prestressing 

can be achxevad. The joint head 48 is then secured on 
the femoral neck by means of the flanges 60 being intro- 
duced .nto their recesses and the tightening eleLntHs 
be.ng introduced into the anchoring elements and the" 

Z^. ""/-"^"-^ elements reach the surfaces 68 of the 

loT.^ : . surface 
50 of the joint head 48 is advantageously pressed against 

Tt^^^T "^"^^ ^ ^-o"' nec. 

2TXr^ Prestressing. The hip joint is then reset 
and the wowid is . closed, after. ...w - - 

complete. operation is 

" S^'joLf rarr""'' " '"^^ anO^odiment in which 
TJTLT "-^'^^-^ ^ has another shape 

' 21 . pronounced ball 98 and a neck part 99. 

Otherwise, the prosthesis is anchored in the femL in th^ 
«««"«y .*ain the embodiment described above. Pusher 

21L "'^^ * aocket ioi! 

whxch xs anchored in the manner described above for the 
second embodiment anrt < owve lor the 

made «f ^^'i an ^nner socket 102, which can be 

30 TJL I "^"-""tant low-friction material. The ' 

s^t by means of a snap lock 103, locking ring or the 

The embodiment shown in Pig. 26 has a joint head he,. 
35 the joint head is designed as a bail bearina iJJ 
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permits rotation of an outer bearing part 107 about the 
said axle, and a slide bearing in its outer periphery 108 
which has the form of a spherical zone, which is adapted 
to the joint surface of the joint socket 109. In this 
case the joint socket is provided with an annular element 
110 which gives the socket a spherical surface, which 
exceeds a semisphere, by which means the joint head in 
the form of the ball bearing 105 cannot be removed from 
its articulating connection with the socket unit. 



The invention is not limited to the exemplary embodiments 
described above and shown in the drawings, but can be 

varied within the scope of the subsequent patent claims - 

For example, it is conceivable for the prestressable 
anchoring arrangement for the joint head to have another 
15 detail design. For example, it is conceivable for the 
pin 14 to have a length which corresponds essentially to 
the length of the anchoring element 6 so that the screw 
7 projects, in the assembled state, slightly outside the 
flange 20 of the anchoring' element and is prestressed 
with a nut instead of the screw bushing 8. In this case, 
the nut can be expediently countersunk or encapsulated. 
Alternatively, the screw 7 can be replaced by a- sleeve 
which forms the pin 14 and has a bore with an internal 
thread, in which connection the screw bushing 8 is 
25 replaced by a screw. 

The socket unit can have a completely different design 
from the unit shown. 

The joint head and its surfaces bearing against the bone 
tissue can also be designed in several different ways. 
A non-plane bearing surface between the joint head and 
femoral neck is also conceivable in an embodiment with 
three anchoring elements . Even if the anchoring arrange- 
ment is prestressable, it is not necessary per se to use 
the prestressing possibility in each application. The 
35 expression "grooved outer surface" also includes "threa- 
ded outer surface", m the embodiment with three ancho- 
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ring elements it i, aot necessary to choose the con- 
with different sides is conceivable. 
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PATENT CLAIMS 

1. . Hip joint prosthesis for permanent anchoring in the 
human hip joint, which prosthesis consists of a first 
joint unit (1; 45) designed to be anchored in the neck of 
a human femur (2) and a second joint unit (3; 46) desig- 
ned to be anchored in the human pelvis (4; 47), in which 
respect the first joint unit comprises a joint head (5; 
48; 97; 104) and an anchoring arrangement (6, 1, 8; 49) 
for anchoring the joint head in the femur, and the second 
joint unit comprises a socket (28; 79; 102; 109) with a 
concave joint surface (31; 87; 110) shaped and dimen- 
sioned to bear against and t o articulate— under— 
contact with the joint head, and an anchoring arrangement 
(34; 80) for anchoring the socket in a cavity (35) in the 
pelvis, the anchoring arrangement in the femur comprising 
at least one sleeve-shaped anchoring element (6; 52, 53, 
'54) and at least one tightening element (7, 8; 14; 55) 
connected to the joint head in order to create, by- 
engaging with the anchoring element, a pre'stressable 
anchoring of the joint head with the tightening element 
introduced into the sleeve-shaped anchoring element, 
characterized in that the sleeve- shaped anchoring element 
(6; 52, 53, 54) with a grooved outer surface (16; 58) is 
designed to be separately implanted in a channel (17) 
passing through the femoral neck (13) and to extend 
essentially over the entire length thereof in order to 
form an anchorage in the femur via the said outer surface 
and to form a guide for the tightening element (7, 8, 14; 
55) of the first joint unit (1; 45) and an axle guide for 
a cutting instrument rotatable about an axle (45; 95) for 
shaping at least one bearing surface (11; 64) of the 
femoral neck, extending rotationally symmetrically about 
the longitudinal axle of the said tightening element, to 
the shape of at least one corresponding bearing surface 
of the joint head (5; 48; 97; 104) extending rotationally 
symmetrically about the attachment of the said tightening 
element in the joint head, and in that the tightening 
element comprises a head (24; 75) and is designed to be 
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an^orl 'T'^''^'' associa^eci sleeve-shaped 

anchor:tng element and connected to the joint head. 

Hip joint prosthesis according to Patent Claia i, m 
Which the ,oint head (S) consists of a ball (5) wi^" 

TZJIT T^''^ '''' ^« thai 

o tt IZ. ! '^^'^^'^ — - the end 

fLw """"^ '^^''^ f"^' ^^^'^'^ i= Shaped for 

ZZr^ "" ""^"^^'^ ^ that th! 

s'naletl ^""^r^"^ the ball c«,prises a 

sxngle sleeve-shaped anchoring element (6) and a joining 

g^!;_^'^^cted to t he said sha ft in the ^ J pf I 

pr^tress^g device (8) in order to create, by en^gi^;- 

T * P^^tressing of t J LI 

:S T^T ^ - Sleeve-Shaped ancho- 

3. . Hip joint prosthesis according to Patent Claim , 
Characterized in that the prastressing device c^^ise; 
a prastressing sleeve (8) which is designed to TS^! 
duced .nto the sleeve-shaped anchoring eLent ^ 
coupled to the shaft (14) of the ball ,5, k 
BBiti -i^i^- . " by means of the 

. said joxnxng piece which constitute, a sere, connection. 

cw-^^ i*"^* prosthesis according to Patent claim 3, 

V (23) in the prestressing sleeve f81 

which threaded parts are intended to be in tLad 
-nt With each other at variable relative^rt^^T ■ 

Tel^ai™ r - " 

5. Hip joint prosthesis according to Patent Claim d 
Characterized in that the anchoring elemenrT.j'frt ; 
ball ,5) has a flange (20) which, when the prosthesis L 
in the assembled atato «« watnesis is 

from the ball a„H T . ^ " '^"tant 

ball, and in that the prestressing sleeve (8, 
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has a head (24) designed to bear against the flange. 

6. Hip joint prosthesis according to any one of the 
preceding Patent Claims, characterized in that the 
sleeve-shaped anchoring element (6) has a continuous 
channel (18) which forms the said axle guide for the said 
cutting instrument, designed to shape the femoral neck 
(13) to the shape of the cavity (10) of the ball (5). 

7. Hip joint prosthesis according to any one of the 
preceding Patent Claims, characterized in that the cavity 
(10) of the ball (5) is essentially cylindrical and 
.prp.filed-in-the~cylinder— surface^ 



8. Hip joint prosthesis according to Patent Claim 1, 
characterized in that the anchoring arrangement (49) 
consists of at least two sleeve-shaped anchoring elements 
(52 - 54) arranged essentially parallel to each other and 
each in a channel in the femoral neck (13), and at least 
two tightening elements (55) extending in each of the 
anchoring elements. 

9. Hip joint prosthesis according to Patent Claim 8, 
characterized in that the anchoring elements and the 
tightening elements (55) are three in number and are each 
arranged in a longitudinal axis cutting through the joint 
head (48) eccentrically and forming, in a plane at right 
angles to the longitudinal axes, the comers of a trian- 
gle. 

10. Hip joint prosthesis according to Patent Claim 9, 
characterized in that the one anchoring element (52) and 
the associated tightening element (55) have a greater 
diameter than the other anchoring elements (53, 54) and 
associated tightening elements (55). 

11. Hip joint prosthesis according to Patent Claim 10, 
characterized in that the said triangle is isosceles, the 
anchoring element (52) of greater diameter being situated 
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at the apex of the triangle. 

12. Hip joint prosthesis according to Patent claijn 8, 
characterized in that the joint head (48) has, on the one 
hand, an essentially plane bearing surface (50) directed 
towards the femoral neck (13) and designed to bear 
agaxnst a plane bearing surface (51) of the femoral necJc 
formed by cutting and, on the other hand, a number of 
flanges (50, 61) corresponding to the number of anchoring 
elements (52-55), which flanges (60, 61) project from 
the bearing surface of the joint head and are designed to 
surround one end part of the anchoring elements and to 

_£orm,_Klth-their-ou1»4de-,-^Ae-said-xotati-onaily-spimet 
cal bearing surface (70) of the joint head for bearing 
against the said rotatioaally symmetrical bearing surface 
(71) formed in the femoral neck by means of the cutting 
instrument (93). 

13. Hip joint prosthesis according to Patent Claim 12, 
Characterized in that the said flanges (60, 61) have a 
stop surface (68) designed to bear against and to trans- 
fer to the end. face (67) of the anchoring element (52 - 
SS) forces acting on the Joint head (48). 



14. 



Hip joint prosthesis according to Patent Claim 13, 
Characterized in that each tightening element (55) 
consists of a screw (55) with a head (75) designed to 
bear against that end (76) of the anchoring element (52, 
53, 54) distant from the joint head (48) and designed, 
witb a threaded part (66), to be in thread engagement 
wxth the joint head in a recess (65) therein. 

15. Hip joint prosthesis according to Patent Claim 1. 
characterized in that the said anchoring arrangement (34) 
for the joint socket (28) comprises sleeve-shaped ancho- 
rxng elements (36) which are implanted separately in the 
pelvis and into which a number of screws (40) introduced 
through holes (41) in the socket are intended to be 
screwed. 
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16, Hip joint prosthesis according to Patent Claim 15, 
characterized in that the joint socket (3) consists of, 
on the one hand, a load-absorbing base socket (28) which 
is provided with the said holes (41) and, on the other 
hand, a joint socket (29) which is secured in the base 
socket by means of positive locking (33, 34). 



wo 89/1 1837 



PCr/SE89/00329 




RG.1a 



wo 89/11837 



PCr/SE89/00329 



2/19 




FIG. 1b 
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FIG. 15 
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